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Abstract 
According to the collected information of Huangdao Petrochemical Area (HPA), apply fuzzy comprehensive 
evaluation model and GUI for HPA’s ecological safety system’s comprehensive assessment. According to the 
assessment for 4 different kind of conditions for 17 sensitives, a conclusion is got that the level of HPA’s ecology 
system is safe but some hidden troubles. And the article raises some suggests in order to provides the management of 
HPA’s ecological safety with theory basis.  
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1  Introduction 
Safety[1] is an eternal subject which appeared before human’s birth and is still faced now. With the 
development of human society and improvement of civilization, the request for safety is becoming higher 
and higher. Recently, ecological safety question has attracted more and more attention. Therefore, 
ecological safety evaluation has been concerned more and more by all over the world, as an important part 
of the research on ecological safety. 
2 Overview 
HPA is approved to built by the government of Shandong and Qingdao, and located at the range of 
Zhuama Mountain, east of Jiaodong rail, west of Jiaozhou Bay, south of Cross Sea Bridge, with the square 
15.46 km2. There are about 9 oil depots in HPA, and the storage capacity reaches 12 million m3. Due to 
more and more severe ecological safety accidents such as “Songhua River Event”, the residents have been 
threaten heavily, and the ecological safety has been concerned by decision-makers, and so does in HPA. 
The article set up the Petrochemical Area’s ecological safety evaluation system with the basis of matlab 
and GUI technology, and makes use of the information of HPA to evaluate the ecological condition of 
HPA. 
Open access under CC BY-NC-ND license.
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3 ecological evaluation 
3.1 Simulating the data of HPA’s characteristic polluntants 
According to the production layout of HPA which was obtained by site-visit, simulates the data of 
HPA’s characteristic polluntants on the basis of computational fluid dynamics (see table I, II, III, IV). 
Table 1 The simulation of concentration of characteristics of pollutants on the ground of sensitive points in HuangDao 
Petrochemical Area in 1.75m/s’ wind velocity’ condition(mg/m3) 
Sensitive points Benzene Toluene Xylene 
Qian Shannan Road Community 4.45×10-4 6.71×10-8 7.57×10-5 
Xu GE Village 3.21×10-3 6.01×10-5 4.32×10-3 
Crossroads Park 1.17×10-3 3.29×10-6 2.45×10-4 
Zhang GE Village 1.09×10-3 1.57×10-6 1.25×10-5 
Little Stone 4.37×10-3 5.98×10-10 6.47×10-12 
East Salt Beach 3.95×10-3 4.65×10-10 8.41×10-14 
Cliff Longwan 1.51×10-3 2.98×10-6 1.08×10-4 
Dafu Island Road Community 1.87×10-3 8.79×10-18 9.45×10-14 
Tang Dao Community 3.01×10-3 9.68×10-22 1.97×10-13 
Chongming Island Community 7.7×10-14 3.61×10-10 6.29×10-13 
Holy Sea Resort 1.47×10-3 2.23×10-3 6.67×10-3 
Yue Duhai King Apartments 1.91×10-3 2.94×10-3 1.01×10-3 
North Garden 2.57×10-3 9.08×10-22 1.47×10-12 
Zhong Ji Apartment 0 0 0 
Development Zone the 2nd Middle School 1.27×10-3 5.13×10-15 6.06×10-3 
Chongming Island Road Primary School 1.26×10-3 5.01×10-15 5.98×10-3 
Hua Ou Hospital 0 0 0 
Table 2 The simulation of concentration of characteristics of pollutants on the ground of sensitive points in HuangDao 
Petrochemical Area in 6.4m/s’ wind velocity’ condition(mg/m3) 
Sensitive points Benzene Toluene Xylene 
Qian Shannan Road Community 5.94×10-3 4.38×10-3 3.67×10-1 
Xu GE Village 4.89×10-2 3.27×10-4 3.41×10-1
Crossroads Park 3.41×10-3 2.96×10-4 3.01×10-2 
Zhang GE Village 3.12×10-3 2.01×10-4 2.9×10-2 
Little Stone 5.72×10-2 4.06×10-4 3.01×10-3
East Salt Beach 4.19×10-3 3.21×10-5 2.91×10-3 
Cliff Longwan 2.96×10-3 1.94×10-4 1.57×10-3 
Dafu Island Road Community 6.97×10-2 1.59×10-3 3.97×10-1 
Tang Dao Community 6.91×10-2 1.53×10-3 3.89×10-1 
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Sensitive points Benzene Toluene Xylene 
Qian Shannan Road Community 5.94×10-3 4.38×10-3 3.67×10-1 
Chongming Island Community 6.44×10-4 7.68×10-4 2.83×10-3 
Holy Sea Resort 6.89×10-2 2.85×10-2 3.13×10-3 
Yue Duhai King Apartments 5.96×10-2 3.29×10-4 4.51×10-1 
North Garden 1.13×10-2 5.42×10-5 5.39×10-2 
Zhong Ji Apartment 1.5×10-3 2.23×10-3 6.81×10-3 
Development Zone the 2nd Middle School 6.86×10-2 1.19×10-4 3,27×10-1 
Chongming Island Road Primary School 6.85×10-2 1.08×10-4 5.31×10-1 
Hua Ou Hospital 0.98×10-3 1.96×10-3 5.42×10-3 
3.2 Determining the weight of characteristic polluntants 
According to 17 sensitive points in 4 different conditions, separately make the ecological evaluation. 
First, make evaluation for the condition of 6.4m/s’ wind velocity and 1.5m vertical height. Make use of 3-
scale model of Cook, R. D(1982)[2] to construct the judgement matrix of characteristic polluntants in 17 
sensitive points. The principle of construction is that higer concentration is more important than the other. 
And on the basis of that, get the judgement matrix and membership degree matrix of characteristic 
polluntants[3](see in table V). 
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Table 3 The simulation of concentration of characteristics of pollutants on the 1.5-meter-high of sensitive points in HuangDao 
Petrochemical Area in 1.75m/s’ wind velocity’ condition(mg/m3) 
Sensitive points Benzene Toluene Xylene 
Qian Shannan Road Community 4.94×10-12 5.96×10-20 4.31×10-12 
Xu GE Village 4.39×10-14 4.97×10-10 5.73×10-13 
Crossroads Park 3.29×10-12 2.97×10-10 4.31×10-12 
Zhang GE Village 3.42×10-15 2.97×10-11 4.39×10-14 
Little Stone 3.21×10-12 1.97×10-12 5.47×10-13 
East Salt Beach 2.17×10-12 1.48×10-12 3.29×10-13 
Cliff Longwan 2.97×10-15 1.47×10-11 3.86×10-14 
Dafu Island Road Community 3.27×10-3 6.90×10-15 7.21×10-3 
Tang Dao Community 2.68×10-3 5.91×10-15 6.39×10-3 
Chongming Island Community 6.89×10-14 3.59×10-10 5.73×10-13 
Holy Sea Resort 1.5×10-3 2.23×10-3 6.81×10-3 
Yue Duhai King Apartments 1.94×10-3 2.94×10-3 7.25×10-3 
North Garden 3.12×10-13 1.16×10-21 1.43×10-12 
Zhong Ji Apartment 0 0 0 
Development Zone the 2nd Middle School 1.33×10-3 5.5×10-15 6.34×10-3 
Chongming Island Road Primary School 1.32×10-3 5.38×10-15 6.26×10-3 
Hua Ou Hospital 0 0 0 
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Table 4 The simulation of concentration of characteristics of pollutants on the 1.5-meter-high of sensitive points in HuangDao 
Petrochemical Area in 6.4m/s’ wind velocity’ condition(mg/m3) 
Sensitive points Benzene Toluene Xylene 
Qian Shannan Road Community 6.42×10-3 5.37×10-5 3.27×10-1 
Xu GE Village 7.96×10-2 3.82×10-2 6.79×10-2 
Crossroads Park 7.12×10-2 2.16×10-4 5.87×10-3 
Zhang GE Village 6.52×10-3 3.41×10-4 5.91×10-3 
Little Stone 7.42×10-2 2.96×10-3 6.12×10-2 
East Salt Beach 7.01×10-2 2.41×10-4 5.87×10-3 
Cliff Longwan 5.01×10-3 2.38×10-4 4.17×10-3 
Dafu Island Road Community 6.92×10-2 2.05×10-4 4.12×10-1 
Tang Dao Community 6.89×10-2 2.01×10-4 6.39×10-3 
Chongming Island Community 6.13×10-4 7.56×10-4 2.7×10-3 
Holy Sea Resort 1.5×10-3 2.23×10-3 6.81×10-3 
Yue Duhai King Apartments 1.94×10-3 2.94×10-3 7.25×10-3 
North Garden 1.12×10-2 5.34×10-5 5.35×10-2 
Zhong Ji Apartment 2.36×10-7 6.37×10-9 1.14×10-6 
Development Zone the 2nd Middle School 6.86×10-2 1.82×10-4 3.27×10-1 
Chongming Island Road Primary School 6.85×10-2 1.71×10-4 5.31×10-1 
Hua Ou Hospital 1.84×10-7 6.10×10-9 0.96×10-6 
3.3 Fuzzy safety evaluation system of HPA 
After the determination of judgement matrix and membership degree matrix, and the establishment 
of index system, can enter the visualized interface of fuzzy safety evaluation system(see in 
figureI,II,III,IV,V). And in figure I, all aspects of every sensitive point can been seen clearly, 
including condition of climate, concentration of polluntants. And on the basis of that, calculate the 
weight of every factor and final safety level. 
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Table 5 Safety assessment level of the sensitives’ 1.5m height for 6.4m/s wind velocity 
Sensitive points Membership degree 
Qian Shannan Road Community [1 0 0 0 0 ][1 0 0 0 0 ][1 0 0 0 0 ] 
Xu GE Village [1 0 0 0 0 ][1 0 0 0 0 ][1 0 0 0 0 ] 
Crossroads Park [1 0 0 0 0 ][1 0 0 0 0 ][1 0 0 0 0 ] 
Zhang GE Village [1 0 0 0 0 ][1 0 0 0 0 ][1 0 0 0 0 ] 
Little Stone [1 0 0 0 0 ][1 0 0 0 0 ][1 0 0 0 0 ] 
East Salt Beach [1 0 0 0 0 ][1 0 0 0 0 ][1 0 0 0 0 ] 
Cliff Longwan [1 0 0 0 0 ][1 0 0 0 0 ][1 0 0 0 0 ] 
Dafu Island Road Community [0.98 0.02 0 0 0 ][1 0 0 0 0 ][0.93 0.07 0 0 0 ] 
Tang Dao Community [0.99 0.01 0 0 0 ][1 0 0 0 0 ][0.94 0.06 0 0 0 ] 
Chongming Island Community [1 0 0 0 0 ] [1 0 0 0 0 ][1 0 0 0 0 ] 
Holy Sea Resort 
[0.99 0.01 0 0 0 ][0.99 0.01 0 0 0 ] 
[0.93 0.07 0 0 0 ] 
Yue Duhai King Apartments 
[0.99 0.01 0 0 0 ][0.99 0.01 0 0 0 ] 
[0.93 0.07 0 0 0 ] 
North Garden [1 0 0 0 0 ][1 0 0 0 0 ][1 0 0 0 0 ] 
Zhong Ji Apartment [1 0 0 0 0 ][1 0 0 0 0 ][1 0 0 0 0 ] 
Development Zone the 2nd Middle 
School 
[0.99 0.01 0 0 0 ][1 0 0 0 0 ][0.94 0.06 0 
0 0 ] 
Chongming Island Road Primary 
School 
[0.99 0.01 0 0 0 ] [1 0 0 0 0 ][0.94 0.06 0 0 0 ] 
Hua Ou Hospital [1 0 0 0 0 ][1 0 0 0 0 ][1 0 0 0 0 ] 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 The index system interface of ecological security evaluation system 
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Figure 2 The weight calculation’s interface of ecological security fuzzy evaluation system 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 The evaluation’s interface of ecological security evaluation system 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 The index system interface of ecological security evaluation system 
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Figure 5 The multi-level fuzzy evaluation’s final interface of ecological security fuzzy evaluation system 
According to Table V, can see that the safety level of condition of 6.4m/s’ wind velocity and 1.5m 
vertical height which is calculated by system, is safe with level II, which is means the ecological system is 
safe. The other 3 conditions’ results can be got by the same principle(see table VI,VII,VIII). 
Table 6 Safety assessment level of the sensitives for 1.75m/s wind velocity 
Sensitive points Safety level Membership degree 
Qian Shannan Road Community 1  very safe 1 0 0 0 0 
Xu GE Village 0.9961 safe 0.9805 0.0195 0 0 0 
Crossroads Park 0.99944 safe 0.9972 0.0028 0 0 0 
Zhang GE Village 0.99963 safe 0.9981 0.0019 0 0 0 
Little Stone 0.99903 safe 0.9952 0.0048 0 0 0 
East Salt Beach 0.99912 safe 0.9956 0.0044 0 0 0 
Cliff Longwan 0.99957 safe 0.9979 0.0021 0 0 0 
Dafu Island Road Community 0.99957 safe 0.9979 0.0021 0 0 0 
Tang Dao Community 0.999 safe 0.9950 0.0050 0 0 0 
Chongming Island Community 1  very safe 1 0 0 0 0 
Holy Sea Resort 0.99679 safe 0.9839 0.0161 0 0 0 
Yue Duhai King Apartments 0.99483 safe 0.9714 0.0259 0 0 0 
North Garden 0.99933 safe 0.9967 0.0033 0 0 0 
Zhong Ji Apartment 1 very safe 1 0 0 0 0 
Development Zone the 2nd Middle School 0.99839 safe 0.9919 0.0081 0 0 0 
Chongming Island Road Primary School 0.99984 safe 0.9920 0.0080 0 0 0 
Hua Ou Hospital 1  very safe 1 0 0 0 0 
The total condition of HPA is safe, belong to level II 
3. Conlusion and Device 
According to the final results, the safety level of every sensitive point is in the range of very safe and 
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safe, and the total safety condition is reliable. However, different wind velocity and vertical height lead to 
the differences of sensitive points(see in table VI, VII and VIII). According to the law of weather 
conditions affecting contaminant’s migration, faster wind velocity is, more severely pollutants diffuses, 
higher pollutants’ concentration is, more dangerous. 
Determine the condition which has a high possibility of threating HPA, with the weather condition of 
HPA, is that: wind velocity is 6.4 m/s; atmospheric stability is 2.3 /100m; humidity is 75%. On the basis ℃
of which, choose 2 wind velocity. And make different simulation and evaluation in different wind velocity 
condition on characteristic pollutants affecting sensitive points. The final results are all above 0.82, and 
belong to “safe” and “very safe”. Therefore, as is considered to all, the condition of HPA is safe. 
Table 7 Safety assessment level of the sensitives for 6.4m/s wind velocity 
Sensitive points Safety level Membership degree 
Qian Shannan Road Community 0.95037 safe 0.8722 0.0216 0.0919 0.0142 0 
Xu GE Village 0.84479 safe 0.5846 0.0820 0.3060 0.0273 0 
Crossroads Park 0.9787 safe 0.9735 0.1065 0 0 0 
Zhang GE Village 0.97956 safe 0.8978 0.1022 0 0 0 
Little Stone 0.98573 safe 0.9286 0.0714 0 0 0 
East Salt Beach 0.99775 safe 0.9888 0.0112 0 0 0 
Cliff Longwan 0.9979 safe 0.9895 0.0105 0 0 0 
Dafu Island Road Community 0.82997 safe 0.5478 0.1188 0.2687 0.0647 0 
Tang Dao Community 0.82992 safe 0.5490 0.1177 0.2673 0.0660 0 
Chongming Island Community 0.99875 safe 0.9938 0.0062 0 0 0 
Holy Sea Resort 0.96334 safe 0.8167 0.1833 0 0 0 
Yue Duhai King Apartments 0.88427 safe 0.7170 0.0671 0.1551 0.0671 0 
North Garden 0.98557 safe 0.9279 0.0721 0 0 0 
Zhong Ji Apartment 0.99674 safe 0.9837 0.0163 0 0 0 
Development Zone the 2nd Middle School 0.93844 safe 0.8041 0.0897 0.1004 0.0057 0 
Chongming Island Road Primary School 0.92982 safe 0.8043 0.0895 0.0571 0.049 0 
Hua Ou Hospital 0.99735 safe 0.9868 0.00132 0 0 0 
The total condition of HPA is safe, belong to level II 
For the results, some sensitive points with the evaluation “dangerous” should be given more attention. 
Although the total result is safe, but some potential risks does exist. There are some advices about how to 
eliminate them. 
• Focus on pollutants’ sources, and giving enough measure on sources is a easier way. Cover 
unorganized emission sources with special material to absorb characteristic polluntants. 
• According to the results of simulation research, there may grow some plants to prevent toxic wind. 
• Set up pre-alarm mode and emergency plan to deal with the emergencies. 
Ecological safety evaluation research is a long term process, and once there chang some conditions, the 
total safety level may change heavily. Therefore, it is essential that there should be a detection mechanism 
for dealing with emergency, and strengthen the relationship between enterprises and management 
department. Strengthen and improve the work and system of HPA. 
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Table 8 Safety assessment level of the sensitives’ 1.5m height for 1.75m/s wind velocity 
Sensitive points Safety level Membership degree 
Qian Shannan Road Community 1  very safe 1 0 0 0 0 
Xu GE Village 1  very safe 1 0 0 0 0 
Crossroads Park 1  very safe 1 0 0 0 0 
Zhang GE Village 1  very safe 1 0 0 0 0 
Little Stone 1  very safe 1 0 0 0 0 
East Salt Beach 1  very safe 1 0 0 0 0 
Cliff Longwan 1  very safe 1 0 0 0 0 
Dafu Island Road Community 0.9959 safe 0.9795 0.0205 0 0 0 
Tang Dao Community 0.99639 safe 0.9819 0.0181 0 0 0 
Chongming Island Community 1  very safe 1 0 0 0 0 
Holy Sea Resort 0.99674 safe 0.9837 0.0163 0 0 0 
Yue Duhai King Apartments 0.99609 safe 0.9805 0.0195 0 0 0 
North Garden 1  very safe 1 0 0 0 0 
Zhong Ji Apartment 1  very safe 1 0 0 0 0 
Development Zone the 2nd Middle School 0.99656 safe 
0.9828 0.0172 0 0 
0 
Chongming Island Road Primary School 0.9966 safe 0.9830 0.0170 0 0 0 
Hua Ou Hospital 1  very safe 1 0 0 0 0 
The total condition of HPA is very safe, belong to level I 
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